ABSTRACT Aedes albopictus (Skuse) (Diptera: Culicidae) is an invasive, container-inhabiting mosquito that was introduced into North America from Japan in 1985. Although previous studies using neutral biochemical markers have found high levels of population differentiation across both the North American and global distribution of Ae. albopictus, relatively little is known regarding evolutionary differentiation of life history traits underpinning Þtness. We performed common-garden and line-cross experiments to examine the genetic differentiation of Þtness (r') and underlying performance traits at three spatial scales: 1) local (among populations within Florida), 2) regional (between populations from Florida and New Jersey), and 3) long distance (between populations from Florida and Hawaii, Malaysia, and Japan). We found that North American populations (Florida and New Jersey) had lower Þtness (r') than populations from outside North America (Hawaii, Malaysia, and Japan). Bivariate means of female, but not male, pupal mass and developmental time differed among regions (Florida, New Jersey, outside North America). Larval survivorship did not differ among regions nor among populations within regions, whereas size-speciÞc fecundity varied among populations within regions but not among regions. Population crosses resulted in signiÞcant heterosis and outbreeding depression of F 1 hybrids but the results of crossing did not depend on the geographic distance separating parental populations in a consistent manner. Together, our results imply a role for local genetic drift affecting the life-history differentiation of Ae. albopictus populations. These conclusions corroborate previous studies of population structure based on neutral biochemical markers.
Aedes albopictus (Skuse) (Diptera: Culicidae) is an invasive, container-inhabiting mosquito that was introduced into North America from Japan in 1985 and subsequently spread rapidly across the eastern United States from Houston, TX, south to Florida and north to New Jersey, Ohio, and Illinois (Hawley et al. 1987 , Moore 1999 ). This medically important mosquito is capable of transmitting a variety of arthropod-borne pathogens, including dengue, eastern equine encephalitis, West Nile, and chikungunya viruses (Gratz 2004 , Angelini et al. 2007 ). Life-history traits that underpin population growth rates are important determinants of abundance and can thus strongly affect both invasion success (Lounibos 2002 ) and rates of disease transmission by vector species (Black and Moore 2005) . It is therefore of fundamental importance to vector biology as well as the Þeld of life-history evolution to understand how ecological and genetic factors inßuence the diversiÞcation of life-history traits underpinning population growth rate parameters. However, surprisingly few studies have considered genetically based population differentiation of lifehistory traits in vector species (but see Lehmann et al. 2003 , Armbruster and Conn 2006 , Leisnham et al. 2008 .
In contrast, there have been a large number of previous studies using neutral biochemical markers to study population differentiation of vector species. In Ae. albopictus, such molecular studies have consistently found evidence for high levels of local and regional population structure in the native and invasive ranges (Black et al. 1988a,b; Birungi and Munstermann 2002; Lourenç o-deOliveira et al. 2003; Usmani-Brown et al. 2009 ). For example, Black et al. (1988a) conducted an analysis of allozyme variation and found that populations from New Orleans, Houston, and near Indianapolis all contained unique ("private") alleles. An excess of homozygous genotypes within populations was found, suggesting that local inbreeding may have contributed to population differentiation. Black et al. (1988a) suggested that high local population structure in Ae. albopictus was probably the consequence of genetic drift during local population establishment of discrete habitat patches by a small number of individuals. Local mosquito control efforts also may have caused reductions in population size and increased local genetic drift (Black et al. 1988a) . In a subsequent study, Black et al. (1988b) found similar patterns of population structure of Ae. albopictus in its native range in Malaysia and Borneo.
Subsequent molecular studies have further supported the conclusions of Black et al. (1988a,b) . Analysis of mitochondrial DNA sequence variation by Birungi and Munstermann (2002) indicated that U.S. Ae. albopictus populations exhibited signiÞcant genetic differentiation among populations on both a local (within Florida) and regional (between Florida and New Orleans, Georgia, Tennessee, and Illinois) spatial scale. Birungi and Munstermann (2002) also found that Brazilian populations contained private (ϭunique) haplotypes, indicating no genetic exchange between the United States and Brazil, a conclusion that was further corroborated by the more recent study of Usmani-Brown et al. (2009) . In addition, Birungi and Munstermann (2002) However, neutral biochemical markers can exhibit different evolutionary dynamics relative to genes underpinning polygenic life-history traits (Spitze 1993 , Lynch 1996 , Armbruster et al. 1998 , Reed and Frankham 2001 . We therefore initiated a study to investigate processes of evolutionary differentiation of Þtness related life-history traits among North American and non-North American populations of Ae. albopictus. Based on the results of molecular studies noted above, we hypothesized that genetic drift would be an important factor inßuencing the evolutionary differentiation of populations.
First, we examined the differentiation of performance at three spatial scales: 1) local (among populations within Florida), 2) regional (between populations from Florida and New Jersey), and 3) long distance (between populations from Florida and Hawaii, Malaysia, and Japan). We performed a common garden experiment and measured a composite index of Þtness in seminatural microcosms for three populations from each of Florida, New Jersey, and outside of North America (ONA [Hawaii, Malaysia, Japan]). We predicted that if genetic drift was an important factor mediating population differentiation, then Þtness would differ between populations at a local, regional, and long-distance scale.
We also addressed the question of whether populations differ in the underlying genetic basis of Þtness related traits on a local, regional and/or long-distance spatial scale. To do so, we measured a composite index of Þtness for F 1 and reciprocal F 1 hybrid lines created by crossing populations separated at each spatial scale. If populations differ in the frequency of (partially) recessive deleterious alleles due to random genetic drift, then F 1 and reciprocal F 1 hybrid lines would be expected to exhibit increased performance relative to the average of the parental populations (i.e., heterosis). We predicted that if Ae. albopictus populations experience local genetic drift due to founder effects during local colonization or as a consequence mosquito control efforts then hybrid populations would exhibit signiÞcant heterosis.
Materials and Methods
All populations were collected between early and late summer 2006. A minimum of 200 larvae were collected from at least 20 containers at each of three locations in New Jersey and Florida (Table 1) . Larvae also were collected from Shimonoseki, Japan. In addition, Ae. albopictus eggs collected in Þeld oviposition traps from Honolulu, HI, were kindly provided by Mr. Pingjun Yang (Department of Health, Hilo, HI) and from Kuala Lumpur, Malaysia, by Dr. Indra Vythilingam (Institute for Medical Research, Jalan Pahang, Kuala Lumpur). Our approach to population sampling was designed to examine differences 1) between the southern and northern extremes of the range of Ae. (Joyce 1961) . Phylogeographic analysis based on mitochondrial DNA (mtDNA) haplotypes (Mousson et al. 2005) suggests that the Hawaii invasion occurred from an Indian Ocean source. All populations were reared under standardized laboratory conditions for between three (North America and Japan) and six (Hawaii, Malaysia) generations as described in Armbruster and Hutchinson (2002) . Larvae were maintained at a density of 30 larvae per 100-ml petri dish at 21 Ϯ 1ЊC and a photoperiod of 18:6 (L:D) h. Every Monday, Wednesday, and Friday (M-W-F), larvae were transferred to fresh water and fed 1.5 ml of a larval food slurry consisting of 80 g of dried dog food (Nutro Brand Large Breed Adult, Nutro Products Inc., City of Industry, CA) and 40 g of whole brine shrimp (SallyÕs Frozen Brine Shrimp, San Francisco Bay Brand, Newark, CA) in 1 liter of distilled water homogenized in a kitchen blender. Every M-W-F, pupae were collected and transferred into population-speciÞc cages. Adult cages were constructed from inverted 9.5-liter containers with 8-by-14 cm mesh windows and mesh tops. Adults were allowed to feed ad libitum on organic raisins, and cages were lined with Þlter paper and watered daily to maintain Ϸ80% humidity. For all populations, females were allowed to feed to repletion from a human host. Each cage was subsequently provided with a 200-ml black jar half-Þlled with distilled water and lined with a moist paper towel to stimulate oviposition. Each M-W-F, eggs were collected from oviposition jars, gently dried, and maintained at Ϸ80% humidity in Tupperware containers with a saturated aqueous potassium sulfate solution at 21 Ϯ 1ЊC and a photoperiod of 18:6 (L:D) h. Egg hatch was stimulated by submerging eggs in water mixed with Ϸ3 ml of larval food (Novak and Shroyer 1978) .
We generated F 1 and reciprocal F 1 hybrid lines by establishing two hybrid mating cages per cross while maintaining the parental populations. Crosses were performed among populations at three levels of spatial separation: 1) local (35Ð 65 km), 2) regional (876 Ð 1,035 km), and (3) long distance (4,807Ð10,309 km). Local crosses were conducted between populations from Florida and included FL1xFL2, FL1xFL3, and FL2xFL3 (Table 1) . Regional crosses were conducted between populations from Florida and New Jersey and included NJ1xFL3, NJ2xFL1 and NJ3xFL2 (Table  1) . Long-distance crosses were conducted between populations from Florida, Hawaii, Malaysia, and Japan and included HAWxFL3, MALxFL1, and JPNxFL2 (Table 1) . We crossed one of each of the Florida populations to one of each of the New Jersey and ONA populations to examine whether there were consistent regional effects independent of individual populations. This approach is analogous to the design of our common garden experiment, where individual populations represent random effects within each region. For each cross, pupae were collected from each parental stock population every M-W-F, sexed, and split into three groups before transfer to separate adult mating cages. One of the three groups was used to maintain the parental population and the other two groups were used to generate F 1 and reciprocal F 1 hybrid lines. Adult mating cages were comprised of at least 50 adult males and 50 adult females for each of the 27 populations (nine parental and 18 hybrid). Population crosses were performed after parental populations were reared for two (North America and Japan) or Þve (Hawaii and Malaysia) generations in the laboratory. Consequently, F 1 hybrid cross populations were simultaneously reared with F 3 and F 6 parental populations in the Þtness experiment described below.
We reared experimental cohorts in microcosms designed to simulate natural Þeld conditions. The aquatic larvae of Ae. albopictus are found in a variety of natural and artiÞcial container habitats (e.g., tree holes and used automobile tires), in which, like other containerinhabiting mosquitoes, they feed on both microorganisms and dead particulate matter (Merritt et al. 1992 ). Because Ae. albopictus larvae are often found in discarded tires, microcosms were created from small rubber tires (13 cm in diameter; Mammoth Pet Tire Biter, Mammoth Lakes CA) that were cut in half. Miniaturetire microcosms contained 75 ml of distilled water and 0.5 g of dried leaves maintained at 21 Ϯ 1ЊC. Senescent white oak, Quercus alba L., leaves were collected from Glover-Archbold Park in Washington, DC. Leaves were oven-dried for 3 d at 37ЊC and then soaked in distilled water at room temperature for 6 d to allow for growth of microorganisms.
To conduct Þtness assays, eggs from all 27 populations were simultaneously hatched and reared under standardized conditions. First instars on the day of hatch were placed into Þve replicate cohorts of 40 individuals for each population with each cohort reared in a separate miniature-tire microcosm. Pupae were collected, sexed and weighed to the nearest 0.01 mg every M-W-F. Pupal mass determined using this protocol has a high repeatability (Ͼ99%) and is highly correlated with fecundity in Ae. albopictus (Armbruster and Hutchinson 2002) . Developmental time was measured as number of days from hatch to pupation and larval survivorship was calculated as the total number of individuals that pupated divided by the original cohort number (40).
Mass-speciÞc fecundity relationships were determined independently for each of the 27 populations. First, we determined the relationship between pupal mass and wing length by rearing larvae from each population at a density of 20 Ð 80 larvae per 100-ml petri dish as described above. Upon pupation, female pupae were weighed to the nearest 0.01 mg and transferred to individual glass vials. Upon eclosion, wing length was measured to the nearest 0.1 mm as the distance from the axial incision to the marginal vein excluding fringe setae by using a slide graticle at a 20ϫ magniÞcation (Armbruster and Hutchinson 2002) . In a second experiment, we determined the relationship between wing length and fecundity for each population. Larvae from each population were reared as described above. Female pupae were transferred to a population-speciÞc mating cages and after eclosion adults were blood fed to repletion on a human host. At 5 d post-bloodmeal, females were removed for dissection and the number of mature (stage V) follicles (eggs) was counted as described in Armbruster and Hutchinson (2002) . The two regression equations were then combined as described by Lounibos et al. (2002) to obtain a single equation relating pupal mass to fecundity for each of the 27 populations (Appendix 1). We also used the wing length and egg number data to calculate size-speciÞc fecundity as the number of eggs divided by wing length.
We calculated r', a composite indicator of performance, as described in Livdahl and Sugihara (1984) :
where N o is the number of females (assumed to be 50% of the initial cohort), A x is the number of females eclosing on day x, w x is the female size measure, f(w x ) is the function relating female size (pupal mass) to fecundity, and D is the number of days required for a newly eclosed female to mate, take a bloodmeal and oviposit. We used a D of 14 d, which is typical for Ae. albopictus (Livdahl and Willey 1991 , Juliano 1998 , Costanzo et al. 2005 .
Statistical Analysis. The pupal mass, developmental time, mass-speciÞc fecundity, and r' data were approximately normally distributed; however, variances were not homogeneous. Natural log (ln) transformation was therefore applied to homogenize variances, but in all cases the conclusions were identical to those based on untransformed data. We therefore have presented statistics and Þgures based on untransformed data to facilitate biological interpretation. Larval survivorship data were arcsine square-root transformed to homogenize variances and meet the assumptions of normality. Statistical analyses for larval survivorship are based on transformed data, but we present untransformed data for biological interpretation.
To compare r', survivorship, and mass-speciÞc fecundity among Florida, New Jersey, and ONA populations, we performed a nested mixed model analysis of variance (ANOVA) on cohort means with populations (random effect) nested in regions (Þxed effect, PROC MIXED, SAS Institute 2004). We used population nested in region as the error term for region in these analyses (Partridge and Fowler 1992, Zani et al. 2005) . If the effect of region was signiÞcant, we performed an a posteriori comparison of regional means to test for speciÞc pairwise differences with a sequential Bonferroni (Rice 1989 ) to control for experimentwise error (␣ ϭ 0.05).
We used a nested multivariate ANOVA (MANOVA, PROC GLM, SAS Institute 2004) on cohort means of sex-speciÞc developmental time and pupal mass to test for differences among regions and among populations nested within regions. As described above, if differences among regions were signiÞcant we then performed an a posteriori comparison of regional means with a sequential Bonferroni (Rice 1989 ) to control for experiment-wise error (␣ ϭ 0.05). To determine the relative contribution of each variable to the MANOVA results, we calculated standardized canonical coefÞ-cients as described by Scheiner (2001) .
If the genetic differentiation of parental populations is due to genes with additive effects, then the Þtness of F 1 and reciprocal F 1 hybrids is expected to equal the average of the parental values (i.e., the midparent value; Armbruster et al. 1997, Lynch and Walsh 1998) . Alternatively, if genetic drift and/or local inbreeding leading to Þxation of deleterious recessives has contributed to genetic divergence among parental populations, then F 1 hybrid lines are expected to exhibit signiÞcantly greater Þtness (r') than the mid-parent expectation (i.e., heterosis; Lynch and Walsh 1998). Because of similar performance, we pooled F1 and reciprocal F1 hybrid lines before testing for the Þt of the three generation means (two parents, pooled F1 hybrid, and reciprocal F 1 hybrids) to a purely additive model of population differentiation using the jointscaling tests of Mather and Jinks (1982) as in Armbruster et al. (1997) . For this goodness-of-Þt test, rejection of the simple additive model indicates that alleles with dominance effects and/or epistasis have contributed to the divergence of parental populations (Lynch and Walsh 1998) .
Results
Fitness Comparisons. ANOVA of r' indicated signiÞcant differences among regions (F ϭ 8.73; df ϭ 2, 6; P ϭ 0.017), but there were no signiÞcant differences between populations within regions (F ϭ 1.19; df ϭ 6, 36; P ϭ 0.33) (Fig. 1) . Pairwise contrasts revealed no signiÞcant differences in Þtness (r') between Florida and New Jersey populations. However, both Florida and New Jersey populations differed signiÞcantly from ONA populations (Fig. 1 ). There were no signiÞcant differences in larval survivorship among regions (F ϭ 1.64; df ϭ 2, 42; P ϭ 0.15) or between populations within a region (F ϭ 1.64; df ϭ 6, 36; P ϭ 0.16) ( Fig. 2A) . Size-speciÞc fecundity did not differ between regions (F ϭ 0.38; df ϭ 2, 6; P ϭ 0.69), but populations varied signiÞcantly within regions (F ϭ 112.31; df ϭ 6, 251; P Ͻ 0.001) (Fig. 2B) .
The results of MANOVA on sex-speciÞc pupal mass and developmental time showed no effect of region for males but a signiÞcant effect of region for females (Table 2; Fig. 3 ). An a posteriori comparison of regional female means indicated that all three regions were signiÞcantly different from each other (Fig. 3B) . Standardized canonical coefÞcients indicated that differences between regions were strongly associated with female developmental time and weakly associated with pupal mass. MANOVA also indicated a signiÞcant effect of population nested within region on pupal mass and developmental time for males but not females (Table 2 ; Fig. 3 ). This indicates that male traits varied signiÞcantly between populations within a region. Standardized canonical coefÞcients indicated that the differences were strongly associated with developmental time and weakly associated with pupal mass.
Hybrid Populations. A purely additive model of population differentiation was rejected for Þve of the nine population crosses (Fig. 4) . Three population crosses, two local and one regional, revealed signiÞ-cant Þtness heterosis (Fig. 4A, B, and F) . This indicates that hybrid populations had enhanced Þtness relative to the midparent expectation due to effects of dominance and/or epistasis at the local and regional level. For one regional and one long-distance cross, hybrids had signiÞcantly reduced Þtness as compared with the midparent expectation ( Fig. 4E and G) . This indicates that population crosses at a larger geographic level (i.e., regional and long distance) resulted in outbreeding depression.
Discussion
Populations of Ae. albopictus from distinct geographic regions (NJ, FL, and ONA) exhibited signiÞcantly different mean phenotypes for several life-history traits. Because these phenotypes were measured under a single set of standardized conditions (i.e., a "common garden" design), these differences reßect underlying genetic differences among populations (Falconer and Mackay 1996) . Our results indicate signiÞcant regional differences for overall Þtness (r'; Fig. 1 ), as well as female developmental time and pupal mass (Fig. 3B) . There was no effect of region on larval survivorship and size-speciÞc fecundity (Fig. 2) , but larval survivorship did exhibit a nonsigniÞcant pattern similar to r' (Fig. 1) , suggesting that variation in larval survivorship contributed to regional differences in r'. There were also no signiÞcant differences among regions for male developmental time and male pupal mass. Neither of these traits are compo- nents of r', and their regional trends were not consistent with the r' results (Fig. 3A) . Ae. albopictus populations from both North American regions (NJ, FL) had signiÞcantly lower Þtness than did two populations from the native range (MAL, JPN) and one long-established population from Hawaii (Fig. 1) Cano et al. 2008) . These results in plants are usually interpreted in the context of the "enemy release" hypothesis (Colautti et al. 2004, Liu and Stiling 2006) or evolution of increased competitive ability in invasive species (Blossey and Notzold 1995) . Increased Þtness also has been reported for introduced versus native populations of the Argentine ant (Tsutsui et al. 2000, Tsutsui and Case 2001) .
Our results showing decreased Þtness of the recently invasive North American populations relative to the more long-term established ONA populations are consistent with the hypothesis of increased genetic load due to genetic drift caused by restricted population size, an inference which is further supported by the results of our line-cross analyses discussed below (Fig. 4) . However, it is important to note that found similar levels of overall allelic variation at allozyme loci in the United States and Japan. Because Ae. albopictus is thought to have invaded the United States through a shipment of used tires from temperate Japan (Hawley et al. 1987) , the results of suggest that the colonization of North America did not involve a population bottleneck. These considerations, in conjunction with the results of Black et al. (1988a,b) , suggest that if genetic drift due to restricted population size has led to reduced Þtness in North American Ae. albopictus relative to ONA populations, this effect has taken place at the individual population level (i.e., during colonization of individual populations or due to the effects of local mosquito control) rather than at the regional level (i.e., during the colonization of North America). Regardless of the speciÞc underlying mechanism, the decreased Þtness of North American populations relative to ONA populations as determined under our experimental conditions has not impeded Ae. albopictus from spreading broadly across the eastern United States and excluding Ae. aegypti from throughout much of its range in the southeastern United States (OÕMeara et al. 1995, Juliano and Lounibos 2005 ).
An alternative interpretation of the decreased Þt-ness of North American relative to ONA populations is that these differences are due to the speciÞc environmental conditions used in our experiment. We attempted to mimic natural conditions by rearing experimental cohorts in miniature-tire microcosms provisioned with natural resources (i.e., leaf litter). However, under the conditions used in our study both the mean Ϯ SE female pupal mass (1.56 Ϯ 0.03 mg) and male pupal mass (1.12 Ϯ 0.02 mg) of North American populations was lower than the mean Ϯ SE female (1.92 Ϯ 0.33 mg) and male (1.47 Ϯ 0.23 mg) mass of pupae collected from 10 haphazardly selected tires across a 2-mo period during 2004 at a Manassas, VA, tire dump. Because both r' and wing length (closely correlated to pupal mass in Ae. albopictus; Armbruster and Hutchinson 2002) are highly sensitive to conditions during larval development (Lord 1998) , these results suggest that the conditions in our experiment may have been relatively stressful compared with natural container habitats due to low nutrient levels, high larval density, or other factors. Further research of interpopulation differences in population performance under a range of environmental conditions merits further investigation to better understand if environmental gradients differentially affect particular populations.
The regional differences between FL and NJ for female pupal mass and developmental time (Fig. 3) are consistent with previous studies of Ae. albopictus that also have indicated regional differentiation within North America for various life-history traits , Lounibos et al. 2003 , Armbruster and Conn 2006 . Together, these studies and our current results clearly indicate that despite the relatively recent invasion of Ae. albopictus into North America and a lack of evidence for regional differentiation within the United States at the level of overall Þtness (r'; Fig. 1 ), regional populations exhibit genetically-based differentiation for a variety individual life-history traits. Consistent differences among replicate regional populations in female pupal mass and developmental time implies that these differences are due to deterministic (i.e., natural selection) rather than stochastic (i.e., random genetic drift) processes.
In contrast to the results for females (Fig. 3B) , male developmental time and pupal mass did not differ among regions but did vary signiÞcantly among populations within regions (Fig. 3A) . Size-speciÞc fecundity (Fig. 2B ) also varied signiÞcantly among populations but not regions. These results are similar to those of Leisnham et al. (2008) who found populationlevel but not regional differences in female adult survival and reproductive allocation among southern (Tampa, FL, and Fort Meyers, FL) and northern (Bloomington, IL, and Manassas, VA) populations of North American Ae. albopictus. Leisnham et al. (2009) also found that Ae. albopictus vary between populations but not regions with regard to interspeciÞc competitive ability. The existence of population-level but not regional differences could be due to either local adaptation or a stochastic process (i.e., genetic drift) driving population differentiation. At least for male pupal mass and developmental time, these traits may be under weaker selection than traits such as female pupal mass and developmental time that show significant regional differentiation but not signiÞcant population-level variation. The replicate populations within the two North American regions (FL, NJ) have presumably diverged over Ͻ20 yr, whereas the ONA populations have been isolated from one another for a century (HAW) or millennia (MAL, JPN). Relative to North American populations, the ONA populations exhibit slightly greater among-population variation for overall Þtness (r') ( Fig. 1) , larval survivorship ( Fig.  2A) and size-speciÞc fecundity (Fig. 2B ), but somewhat surprisingly, not for male pupal mass and developmental time (Fig. 3A) .
Despite that we did not Þnd signiÞcant differences between populations within North America at the level of overall Þtness (r'; Fig. 1 ), we did Þnd evidence for differences in the underlying genetic basis of Þt-ness revealed by signiÞcant heterosis for two local (within Florida; 4A and B) and one regional (NJ-FL, Fig. 4F ) cross. Heterosis in F 1 hybrids is a common observation in the animal breeding and evolutionary genetics literature (Barlow 1981 , Whitlock et al. 2000 . Although the possibility of overdominance cannot be excluded, this phenomenon is most commonly attributed to the existence of different (partially) recessive deleterious alleles in the parental populations that are masked by dominance effects in the hybrid generation (Lynch and Walsh 1998) . Therefore, the results in Fig.  4 , in conjunction with results of allozyme analysis conducted by Black et al. (1988a,b) , suggest that local genetic drift either during colonization of local container habitats or due to mosquito control efforts may permit the accumulation of (partially) recessive deleterious alleles within at least some local populations.
At a more distant spatial scale, population crosses lead to decreased Þtness in hybrids relative to the midparent value (i.e., outbreeding depression) in one regional (Fig. 4E ) and one long-distance (Fig. 4G) cross. This result is also consistent with a number of studies showing a transition from heterosis to outbreeding depression in F 1 hybrids as the spatial scale separating parental populations increases (for review, see Edmands 2002) . Although less well characterized than heterosis, outbreeding depression in the F 1 hybrid generation can be caused by underdominance, epistasis, and/or chromosomal incompatibilities (Turelli and Orr 2000) . Previous investigators have documented a three-fold variation in the haploid nuclear DNA content among populations of Ae. albopictus (Kumar and Rai 1990) , suggesting that chromosomal incompatibilities could contribute to the outbreeding depression we observed in the F 1 hybrids of two crosses. However, it is also important to note that for two long-distance crosses in which the parental populations differed for overall Þtness (r'), the Þtness in the F 1 hybrids almost exactly matched the midparent (additive) expectation. Thus, differences in the underlying genetic architecture seem to be highly population-speciÞc and do not depend on distance in a consistent, predictable manner. These conclusions further support the inference that stochastic processes such as colonization history and genetic drift are important forces mediating the genetic differentiation of life-history traits underpinning Þtness among populations of Ae. albopictus across a range of spatial scales.
In summary, understanding how ecological and genetic factors interact to inßuence life-history traits underpinning population growth rates of vector species is important because these traits can have a major impact on invasion success (Lounibos 2002 ) and disease transmission (Black and Moore 2005) . The current study indicates regional differentiation of overall Þtness (r'; Fig. 1 ) and female pupal mass and developmental time (Fig. 3B) . The decreased Þtness of North American populations relative to populations from outside North America (Fig. 1) and the results of line-cross experiments (Fig. 4) imply a role of local random genetic drift affecting the differentiation of Þtness (r') among populations of Ae. albopictus. These conclusions corroborate earlier studies of population structure in Ae. albopictus using neutral biochemical markers (Black et al. 1988a,b; Birungi and Munstermann 2002; Lourenç o-deOliveira et al. 2003; Usmani-Brown et al. 2009 ). Additional studies tracking allele frequency changes across temporal samples from multiple populations and exploring the life-history consequences of inbreeding will further elucidate the role of local genetic drift in the evolution of these populations. 
